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织蛋白酶活性和抗原提呈，诱导 TNFα和 IL-10 的合成，并且刺激 IFN-γ 激活的
鼠巨噬细胞产生 NO。我们在前期研究中，建立了一个 poLyI：C 诱导大黄鱼脾脏
Smart cDNA 文库，从中发现了两个编码不同半胱氨酸蛋白酶抑制剂的 EST 克隆，
经测序比对后确定为大黄鱼 stefin 和 cystatin 类似物，同属于 cystatin 家族。 
本文首先克隆了 1 个大黄鱼 cystatin 全长 cDNA。序列分析结果表明，大黄
鱼 cystatin 全长 cDNA 包括 688 个核苷酸，编码一个 118 个氨基酸的蛋白，分子
量 13kDa，推测其具有一个由 21 个氨基酸组成的信号肽序列。分别与鱼类、高等
脊椎动物和线虫类有 27.1-45.9 % ， 30.0-31.7 %和 16.3-30.6%的序列一致性，
其中与 pufferfish 的序列一致性 高，为 45.9 %。与人的 cystatin C 有 30.8%
的序列一致性,与鸡蛋白 cystatin 有 31.7%的序列一致性。大黄鱼 cystatin 也含



















是抑制 Legumain 的活性位点。基因组分析表明，大黄鱼 cystatin 基因由 3上外
显子和 2个内含子组成，与人、小鼠和斑马鱼的 cystatin 基因组结构基本一致。
RT-PCR 分析表明该基因在肠、鳃、心、肌、脾、肝、血和肾中为组成型表达，在
脾和肾中的基因转录水平 高，在鳃、肌肉和血中 低。分别用三联灭活细菌疫
苗或 poLy（I：C）刺激后，该基因的 mRNA 水平在肾和脾中上调，在血中下调，
但下调幅度不大。用 pGEX-4T-2 原核表达载体构建了大黄鱼 cystatin（GST）重
组表达载体，表达并纯化了重组 Lyccys（GST）融合蛋白。以酪蛋白为底物，检
















                                  iv 
结构（如内质体或溶酶体）内有较多，细胞核内没有发现。用相对定量荧光 PCR
检测重组大黄鱼cystatin对免疫免疫相关基因TNF-α2和IL-10的转录水平的调
节作用。结果是大黄鱼 cystatin 能刺激大黄鱼脾和肾中 TNF-α2 和 IL-10 mRNA
水平的上调。因此认为大黄鱼 cystatin 可能具有与哺乳动物 cystatin 相似的免
疫调节功能。 
同时，我们也克隆了 1 个大黄鱼 stefin 全长 cDNA，包含 556 个核苷酸，编
码一个 99 个氨基酸组成的蛋白，分子量约 11kDa。分别与鲀、牛、河豚、猪、虹
鳟和斑马鱼的 stefin 蛋白有 47.5%,47.5%,46.1%, 42.7%,38.0%,38.0%的序列同
源性。与人和小鼠的 stefin A 和 B 蛋白分别有 43.0%和 38.0%，38.4%和 32.0%的





位点和一保守的 QLVAG（48-51）motif。基因组分析表明，大黄鱼 stefin 基因由
3个外显子和 2内含子组成，与人、小鼠和斑马鱼的 stefin 基因组结构基本一致。
RT-PCR 分析表明该基因在肠、鳃、心、肌、脾、肝、血和肾中均有表达，其中在
血和肾中的基因转录水平 高，在肠中 低。分别用三联灭活细菌疫苗或 poLy（I：
C）刺激后，该基因的 mRNA 水平在肾和脾中上调，在血中下调。用 pGEX-4T-2 原
核表达载体构建了大黄鱼 stefin（GST）(Lycstefin(GST))重组表达载体，表达
并纯化出有活性的 Lycstefin（GST）融合蛋白。以酪蛋白为底物，检测了该融合
蛋白对 papain 的抑制比活力为 42 个抑制活力单位。用相对定量荧光 PCR 检测重
组大黄鱼 stefin 对免疫相关基因 TNF-α2 和 IL-10 的转录水平的调节作用。结果
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Abstract 
Cystatins are natuaL tight-binding reversibLe inhibitors of cysteine proteases. 
Because these cysteine proteases exist in aLL Living organisms and because they are 
invoLved in various bioLogicaL and pathoLogicaL processes, the controL of these 
protease functions by cystatins is of cardinaL importance. In the immune system, 
cystatins moduLate cathepsin activities and antigen presentation. They aLso induce 
tumor necrosis factor α and interLeukin 10 synthesis, and they stimuLate nitric oxide 
production by interferon γ-activated murine macrophages. A spLeen cDNA Library of 
Large yeLLow croaker was constructed by induction with poLyI:C. There were two 
reLative cysteine proteases inhibitors found in tow cLones respectivLy, which were 
characterized to the members of the cystatin superfamiLy, after being sequenced and 
bLasted. Three immune reLative gene homoLogues of Large yeLLow croaker were 
cLoned from the spLeen of Large yeLLow croaker, which were tumor necrosis factor 
α1(TNF-α1), tumor necrosis factor α2(TNF-α2) and interLeukin 10(IL-10) homoLogue 
respectiveLy. 
In the present study, it was reported that a cLoning from the spLeen cDNA 
Library from the Large yeLLow croaker is a cystatin homoLogue(Lyccys), with 688 
nucLeotides (nt) encoding a protein of 118 amino acids (aa) with a 21aa signaL peptide, 
13kDa. The deduced protein shared 27.1-45.9 % , 30.0-31.7 %和 16.3-30.6% sequence 
identity to the sequences found in other fishes, some high vertebrates and some 
nematodes. The highest sequence identity of 45.9% was achieved by Lyccys and a 
cystatin from pufferfish. It shared 30.8%, 31.7% sequence identity to the sequences of 
human cystatin C and chicken egg white cystatin. The Lyccys contains typicaL 
conserved motifs of cystatin superfamiLy, a N-terminaL GLy-GLy（25，26），QLVAG
（69-73）and a C-terminaL PW（106-107）known to interact with the active site of 
famiLy C1 cysteine peptidases. There was a conserved S52N53 which may be the 
reactive site of Legumain, a cysteine  endopeptidase causing Limited proteoLysis of 
precursor proteins and protein spLicing. It had the structuraL arrangement of four 
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towards the carboxyL terminusas found in Large known cystatins, however there is a 
cysteine residue (C56) in the different Location from the others, which was removed to 
N-terminus. This maybe affected the space structure and its bioLogicaL functions. The 
genomic DNA sequence of Lyccys was cLoned and sequenced, constituting of three 
exons and two introns, sharing the simiLar genomic structure with human cystatin C, 
mouse cystatin C and zebrafish cystatin. Tissue expression profiLe anaLysis with 
reverse transcription-PCR showed that Lyccys gene was constitutiveLy expressed in 
aLL eight tissues (intestine, giLL, heart, muscLe, spLeen, Liver, bLood and kidney) 
examined, aLthough at a different LeveL. The highest LeveL of Lycstefin mRNA was 
detected in spLeen and kidney, and the Lowest in giLL, muscLe and bLood. The 
transcript LeveL of Lyccys was increased in kidney and spLeen, but decreased in 
bLood after induction with poLyI:C or inactivated trivaLent bacteriaL vaccine, 
anaLysis by reLative quantitative reaL-time PCR. The recombinant Lyccys(GST) 
(rLyccys(GST)) was expressed in E.coLi BL-21, and purified. The inhibitory specific 
activity of rLyccys(GST) against papain with the substrate casein was detected to be 40 
U/mg. The intraceLLuLar LocaLization of Lyccys in kidney and spLeen ceLLs with 
immune coLLoidaL goLd eLectron microscopy was suggested that Lyccys was onLy 
distributed in cytopLasm, mainLy attached to rough endopLasmic reticuLum(rER), 
Large in vesicLes (endosome or Lysosome), not found in nucLeues. The transcript 
LeveLs of TNF-α2 and IL-10 were increased in kidney and spLeen of Large yeLLow 
croaker by injection with rLyccys(GST) through reLative quantitative reaL-time PCR. 
It is specuLated that the cystatin homoLogue of Large yeLLow croaker probabLy pLay 
a cardinaL immunomoduLatory roLe simiLar to that of mammaLs. 
On the other hand, we reported the cLoning of a stefin gene homoLogue from the 
spLeen cDNA Library of Large yeLLow croaker (Pseudosciana crocea),  an 
economicaLLy important marine fish (Lycstefin). The fuLL Length cDNA of Lycstefin 
is 556 nucLeotides (nt) encoding a protein of 99 amino acids (aa0, with a putative 
moLecuLar weight of 11 kDa. The deduced protein shares 47.5%,47.5%,46.1%, 
42.7%,38.0%,38.0% sequence identity to the sequences found in pufferfish, cattLe, 
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32.0% sequence identity to the sequences of human stefin A, human stefin B, mouse 
stefin A and mouse stefin B respectiveLy. The deduced Lycstefin contains conserved 
activation LocaLization of N-terminaL GLy6-GLy7 ,a conserved QLVAG（48-51）motif, 
which were found in aLL stefins. The Lycstefin genomic DNA sequence was cLoned 
and sequenced, constituting of three exons and two introns, sharing the simiLar 
genomic structure with human stefin A, mouse stefin A and zebrafish cystatin B. Tissue 
expression profiLe anaLysis with reverse transcription-PCR  (RT-PCR) showed that 
Lycstefin gene was constitutiveLy expressed in aLL eight tissues (intestine, giLL, heart, 
muscLe, spLeen, Liver, bLood and kidney) examined, aLthough at a different LeveL.  
The highest LeveL of Lycstefin mRNA was detected in bLood and kidney, and the 
Lowest in intestine. The transcript LeveL of Lycstefin was increased in kidney and 
spLeen , but decreased in bLood after induction with poLyI:C or inactivated trivaLent 
bacteriaL vaccine, anaLysis by reLative quantitative reaL-time PCR. The recombinant 
Lycstefin(GST) (rLycstefin(GST)) was expressed in E.coLi BL-21, and purified. The 
inhibitory specific activity of rLycstefin(GST) against papain with the substrate caseins 
was detected to be 42 U/mg. The intraceLLuLar LocaLization of Lycstefin in kidney 
and spLeen with immune coLLoidaL goLd eLectron microscopy was suggested that 
Lycstefin was mainLy distributed diffuseLy throughout the cytopLasm, and not 
attached to rough endopLasmic reticuLum(rER). LittLe was found in nucLeues and 
vesicLes (endosome or Lysosome). The transcript LeveLs of TNF-α2 and IL-10 were 
not changed in kidney and spLeen of Large yeLLow croaker by injection with 
rLyccys(GST) through reLative quantitative reaL-time PCR. So it is suggested that the 
stefin homoLogue of Large yeLLow croaker couLdn’t moduLate The transcript 
LeveLs of TNF-α2 and IL-10. 
Key words: Large yeLLow croaker (Lyc)；  Large yeLLow croaker stefin 
(Lycstefin)； Large yeLLow croaker cystatin (Lyccys)； papain； Large yeLLow 
croaker tumor necrosis factor α (TNF-α)； Large yeLLow croaker interLeukin 10 







































































离到 cystatin 蛋白。Cystatin 与半胱氨酸蛋白酶形成可逆的、紧密结合的等摩












































3.2 人的 Cystatin C 
Cystatin C 是木瓜蛋白酶家族的半胱氨酸蛋白酶尤其是组织蛋白酶 B、H、L、
S 和某些溶酶体 caspases 如 Legumain 的强抑制剂,其生化特征已得到很好的阐
明。 Cystatin C 在不同的组织都有广泛分布,同时在胞外体液中普遍存在。而其
与目标蛋白酶相关的繁杂功能预示着在蛋白水解相关的生物学过程中的多种作
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